Small intestinal strangulation associated with ischaemia-reperfusion injury (IRI) is common in 21 horses. In laboratory animals IRI can be ameliorated by ischaemic preconditioning (IPC) and
25
In a randomized controlled experimental trial, 15 horses were assigned to three groups:
26 control (C), IPC, and PPC with dexmedetomidine (DEX). All horses were placed under 27 general anaesthesia and 90% jejunal ischaemia was induced for 90 minutes, followed 30 28 minutes of reperfusion. In group IPC, three short bouts of ischaemia and reperfusion were 29 implemented, and group DEX received a continuous rate infusion of dexmedetomidine prior 30 to the main ischaemia. Jejunal biopsies were collected before ischaemia (P), and at the end 31 of ischaemia (I) and reperfusion (R). Mucosal injury was assessed by the Chiu-Score, 32 inflammatory cells were stained by cytosolic calprotectin. The degree of apoptosis and cell 33 necrosis was assessed by cleaved-caspase-3 and TUNEL.
34
Parametric data were analyzed by two-way ANOVA for repeated measurements followed by
35
Dunnetts t-test. Non parametric data were compared between groups at the different time 36 points by a Kruskal-Wallis-Test and a Wilcoxon-2-Sample-test.
37
The mucosal injury score increased during I in all groups. After reperfusion, IRI further 38 progressed in group C, but not in IPC and DEX. In all groups the number of cleaved Introduction Colic is one of the most common causes of death in horses [1, 2] . Even though the 48 management of these patients has improved in the last decades, small intestinal 49 strangulations with concurrent ischaemia/reperfusion injury (IRI), are still associated with a 50 relatively high mortality rate after surgery [3] . In human medicine, the concept of 51 preconditioning has been instituted in the treatment and prevention of IRI in different tissues 52 [4, 5] . Ischaemic preconditioning (IPC) is defined as the activation of intrinsic cell survival 53 programs after exposure to mild or brief ischemic stimuli [6] . The concept of IPC was first 54 reported in 1986, where it was shown that brief periods of ischaemia reduced the 55 myocardium infarct size in dogs to 25% of that seen in the control group [7] . The mode of 56 action has been investigated, and an early and a late phase of protection have been 57 identified. The first involves the activation of pre-existing effector molecules, and the latter 58 emerges after 12-24 hours and relies on the expression of new gene products [8, 9] . Many 59 authors have reported beneficial effects of preconditioning in different experimental models 60 for IRI, including the small intestine [10, 11] . Up till now, the implementation of IPC has not 61 been documented in horses.
62
It has been found that preconditioning with different pharmacological agents can also exhibit 63 a protective effect, currently known as pharmacological preconditioning (PPC the manufacturer´s instructions (Fig 2 B) . The specimens were routinely dewaxed and 187 washed in PBS for 5 minutes, prior to incubation with proteinase K (20 µl/ml) for 15 minutes.
188
Then specimens were washed in distilled water twice for 2 minutes each before inhibiting 
203
The inflammatory cell count was assessed by immune-histochemical staining for cytosolic 204 calprotectin using monoclonal mouse anti-human myeloid/histiocyte antigen (clone MAC 205 387) as previously described [21] . Briefly, the slides were immersed in descending ethanol 206 series and dewaxed, before endogenous peroxidase was blocked by hydrogen peroxide in 207 ethanol (0.5%) for 30 minutes. Then, the sections were submersed in citrate buffer (pH 6) at 208 95°C, followed by cooling down to RT. Subsequently, the slides were covered with normal 209 goat serum for 20 minutes, then primary antibody was applied and slides were incubated for 210 18 h at 4°C. Slides were covered with biotinylated secondary antibody (goat anti-mouse IgG 211 from Vector Laboratories) for 30 minutes, followed by administering avidin-biotin complex 212 (Vector Laboratories) for 30 minutes, according to the manufacturer´s specifications.
213
Between each step, slides were washed in PBS three times. Finally, sections were covered 214 with diaminobenzidine and hydrogen peroxide for 5 minutes to achieve color before they 215 were counterstained with modified hematoxylin (Delafield Hemalaun). Equine lymph node 216 tissue served as positive control in all three immuno-histochemical staining protocols.
217
The examination of the stained slides was always performed by the same blinded 
238
The endtidal isoflurane concentration was averaged over time (sum of 239 measurements/number of measurements) and compared between the groups by one-way-
240
ANOVA. The number of calprotectin positive cells were log transformed to achieve normality.
241
Parametric data were analyzed by two-way ANOVA for repeated measurements followed by Mucosal injury increased from baseline to ischaemia in group C (p = 0.004), IPC (p = 0.032)
256
and DEX (p = 0.040). (Fig 3) . After reperfusion, IRI further progressed in group C (p = 0.010).
257
In group IPC there was no difference between ischemia and reperfusion, whereas in group 258 DEX a significant decrease in IRI from ischemia to reperfusion occurred. In the pre-259 ischaemia and reperfusion sample, the histopathology score did not differ between the 260 groups. After ischaemia, group DEX had a significantly higher score compared to group C (p 261 = 0.027). One horse in group DEX and one in group IPC showed a score of 0 after 262 reperfusion. ischaemia to ischaemia (p = 0.046, p = 0.02 and p = 0.019 in group C, IPC and DEX, 275 respectively) (Fig. 4) . In group C, the number of caspase positive cells after reperfusion 276 differed from the pre-ischaemia sample (p = 0.039). The number of caspase positive cells 277 were not different among the treatment groups at any time point. The number of TUNEL stained cells were significantly increased after ischaemia in all groups
283
(p = 0.027, p = 0.027 and p = 0.043 in group C, IPC and DEX, respectively) ( Fig 5) . There
284
was an overall treatment effect (p = 0.007). The number of TUNEL positive cells were lower 285 in group DEX compared to group C after ischaemia (p = 0.036) and after reperfusion (p = 286 0.021). There were calprotectin positive cells in the mucosa of all samples (Table 1 ). In the 293 ischaemia sample, the relative cell count was significantly lower in group IPC compared to 294 group C (p = 0.047). In group IPC and DEX, the mucosal cell count increased significantly 295 after reperfusion, compared to the pre-ischaemia sample (p = 0.045 and p = 0.038, 296 respectively). In both the submucosal venules and the serosa, group IPC had a significantly 297 higher relative cell count after ischaemia, compared to group C (p = 0.032 and 0.016, 298 respectively) and group DEX (p = 0.016 for both locations) ( Table 1 ). In the submucosa, only 299 group IPC showed a significant increase in cell count during ischaemia (p = 0.026), and there 13 300 was no further increase during reperfusion. In the serosa, the inflammatory cell count 301 increased significantly over time in all groups (p<0.05). After reperfusion, there were no 302 differences between the groups. This is the first study describing intestinal IPC and PPC with dexmedetomidine in horses. We 318 hypothesized that these treatments would ameliorate IRI reflected by histomorphology and 319 less apoptosis initiation and invasion of inflammatory cells. Both IPC and PPC prevented the 320 progression of morphological tissue injury from ischaemia to reperfusion, whereas the 321 presence of late stage apoptotic and necrotic cells and the invasion of inflammatory cells was 322 reduced after PPC with dexmedetomidine, but not after IPC. Overall these observations 323 indicate a protective effect of IPC and PPC, confirming the hypothesis that these treatments 324 can reduce IRI in the equine small intestine.
325
The histomorphology score according to Chiu [22] qualitatively assesses the progressive 
334
In the untreated control group, the mucosal histomorphology score increased during 335 reperfusion, whereas group IPC and DEX did not show a progression in mucosal injury 336 during reperfusion. In group DEX even a significant decrease in histomorphology score 337 occurred during reperfusion, but the latter needs to be interpreted with caution, as the DEX 338 group started with a higher score after ischemia compared to the control group.
339
Numerous studies in laboratory animals have shown the protective effects of IPC [7,23,24]. 
401
A limitation of this study is the small sample size. Even though a power analysis based on 402 expected difference in the Chiu score was performed prior to executing the study, there may 403 still be a statistical type II error for the number of apoptotic or inflammatory cells, failing to 404 detect differences between the groups. Given the observed effect size and an alpha of 5 % 405 for the number of cleaved caspase-3 positive cells in the intestinal tissue, a power of 61% 406 was achieved, to obtain 80% power 7 horses per group would have been required.
407
Another limitation of the current study was the short reperfusion time. Therefore, only short 
419
In 1 horse in group DEX and in 1 horse in group IPC, the Chiu-Score was found to be grade 420 0 after reperfusion indicating complete recovery, even though there had been significant 421 injury in the ischaemia sample. A mix-up of tissue samples was ruled out, therefore the 422 samples were not excluded from analysis. It is known that first repair processes of epithelial 423 restitution begin within minutes after injury [48] , and villus remnants can partly or completely 424 be lined with regenerating epithelium 12 hours after strangulating obstruction in ponies [49] . 
